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LIGHT DEVICE AND FABRICATION METHOD THEREOF 

Technical Field 

The present invention relates to a light device, and 
more particularly to a light device and a fabrication method 
thereof in which an electric/thermal/structural stability is 
obtained, and a P-type electrode and an N-type electrode can 
be simultaneously formed. 

Further, the present invention relates to a light 
device, and more particularly to a light device and a 
fabrication method thereof in which a specific contact 
resistance is lowered, and a carrier supplied from an 
external can not only perform a regular current spreading 
using the lowered contact resistance into a device, but also 
a photon generated and emitted from the active layer in the 
device can be well escaped to the external. 

Furthermore, the present invention relates to a light 
device, and more particularly to a light device and a 
fabrication method thereof in which a metal-hydrogen compound 
is formed to embody an ohmic electrode of a P-type gallium 
nitride-based compound semiconductor. 



Background Art 

Generally, in order to embody a light device such as a 
light emitting diode or a laser, a good ohmic contact should 
be first of all made between a semiconductor and a metal 
formed as an electrode. 

Further, a flatted surface state, a thermal stability, 
easy processing, a low contact resistance, a high yield, a 
good corrosion resistance and the like are required. 

In the meantime, a GaN-based nitride semiconductor 
light emitting device is mainly grown-up on a sapphire 
substrate or a SiC substrate. Additionally, a GaN-based 
polycrystalline layer is grown-up as a buffer layer on the 
sapphire substrate or the SiC substrate at a low growing-up 
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temperature, and then an undoped GaN layer, a silicon (Si)- 
doped N-type GaN layer, or an N-type GaN-based layer having a 
combination structure thereof is formed on the buffer layer 
at a high temperature. After that, a light emitting layer 
(quantum-well-structured active layer) is formed on the N- 
type GaN-based layer, and a P-type GaN-based layer is 
additionally formed on the light emitting layer such that the 
semiconductor light emitting device is manufactured. 

Additionally, in the semiconductor light emitting 
device, a transparent electrode can be formed in the 
following method. 

First, a P-type electrode structure formed in a 
conventional light emitting device is briefly described with 
reference to FIG. 1. 

FIG. 1 is a view illustrating an exemplary P-type 
electrode of a conventional light emitting device. 

The P-type electrode of a light ' emitting device shown 
in FIG. 1 is structured to have a P-type transparent 
electrode layer 102 formed on a P-type GaN layer 101, and 
have a P-type bonding electrode 103 formed on the P-type 
transparent electrode layer 102. The above -structured 
electrode structure is called a 'close' electrode structure 
for convenience. 

In case of the 'close' electrode structure, the P-type 
transparent electrode layer 102 is mainly formed of Ni/Au 
layer. Additionally, the P-type bonding electrode 103 is of 
a single layer including two or more metals (for example, 
Au, Ti, Ni, In and Pt) based on Au except for Al and Cr, or 
a multi- layer structure of two or more layers. That is, it 
is of an Au, Ni/Au, Ti/Au or Pt/Au layer and the like. 

For example, as shown in FIG. 2, one metal is selected 
from the group consisting of Ni , Pt , Ti , Cr and Au to 
deposit a first metal layer 102a on the P-type GaN-based 
layer 101, and gold (Au) is used to deposit a second metal 
layer 102b such that the transparent electrode 102 can be 
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formed. As a typical example of the transparent electrode, a 
Ni/Au electrode is used. 

Or, as shown in FIG. 3, a first metal layer 102c from 
which oxide is well-formed is formed on the P-type GaN-based 
5 layer 101 and then, after a second metal layer 102d for 
carrier conduction, for example, Gold (Au) is deposited, a 
thermal annealing is performed in an oxygen-containing 
atmosphere . 

As a typical example, there is a method in which after 

10 cobalt (Co) and gold (Au) are sequentially deposited on the 
P-type GaN-based layer 101, the thermal annealing is 
performed in the oxygen- containing atmosphere to form a x Co- 
O' oxide. Or, a method is also proposed using nickel (Ni) 
instead of cobalt (Co) . 

15 Accordingly, a metal oxide layer 102e is formed to have 

transparency such that the transparent electrode 102 is 
formed on the P-type GaN-based layer 101. 

A conventional P-type electrode of the light emitting 
device can be also structured as shown in FIG. 4, and FIG. 4 

20 is a view illustrating another exemplary P-type electrode of 
the conventional light emitting device. 

The P-type electrode of the light emitting device shown 
in FIG. 4 is structured to have a P-type transparent 
electrode layer 202 formed on a P-type GaN layer 201 and 

25 have a P-type bonding electrode 203 formed on the P-type 
transparent electrode layer 202. At this time, the 
transparent electrode layer 202 is structured to have a 
portion of the P-type bonding electrode 203 filled 
therebetween . 

30 The above- structured electrode structure is called an 

'open' electrode structure for convenience. 

In case of the 'open' electrode structure, a structure 
including a Cr or Al layer is proposed so as to improve a 
bonding capability, and is formed to have a similar 
35 structure with the 'close' electrode structure. 

In the meantime, FIG. 5 is a view illustrating an 
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exemplary N-type electrode of the conventional light 
emitting device. 

The light emitting device shown in FIG. 5 is structured 
to have an N-type electrode layer 302 formed on an N-type 
5 GaN layer 301. 

In case of the N-type electrode layer 302, proposed is 
a single-layered electrode using Ti , Al, Au or a multi- 
layered electrode of two or more layers. 

However, in case of the above structured P-type 
10 electrode, the specific contact resistance is much higher 
than 10-3 &cnr due to a high resistive P-type GaN layer. 

Further, it is known that in a transparent electrode 
structure (referring to FIG. 2) , not an oxide structure, 
since the specific contact resistance is as much high as 10" 2 
15 Gcnf, a x current spreader' that is one of the most main 
functions of the transparent electrode does not function 
during the device operation. 

It is known that this acts as a heat source at an 
interface at the time of a device operation due to a high 
20 specific contact resistance of the interface to directly 
cause much influence on a degradation of device reliability. 

Further, it is reported that the transparent electrode 
structure formed by the fabrication method described with 
reference to FIG. 3 has the considerably improved specific 
2 5 contact resistance, but it is known to have a performance 
deteriorated in light transmittance . It is known that this 
is since a metal oxide is 'polycrystalline' -structured at 
the time of the thermal annealing in an oxygen atmosphere, 
not 'heteroepitaxial' structure contr ibutable to improvement 
30 of transmittance, a number of small-sized grains existing 
within the transparent electrode cause absorption or 
scattering loss of photons emitting from the semiconductor. 

Furthermore, in order to embody a good quality ohmic 
electrode in the above structure, the carrier should have a 
35 concentration of more than *0 cm in a doping region in which 
a carrier tunneling can be made, but actually a carrier 
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concentration of a P-type Gallium nitride-based compound 
semiconductor is as much low as 10 l7 cra 3 m 

As such, the low carrier concentration causes a 
Schottky barrier height to increase the specific contact 
resistance at the interface between the metal and the 
semiconductor, resulting in the poor ohmic characteristics. 

Further, a native oxide layer existing on a surface of 
a P-type gallium nitride-based compound semiconductor causes 
a mutual reaction at the interface between the metal and the 
semiconductor at the time of the thermal annealing such that 
many drawbacks of an increase of a leakage current, a 
reduction of a reverse breakdown voltage, an abnormal 
threshold voltage characteristic and the like are caused, and 
as a result, the device reliability and life-time are 
reduced . 

Furthermore, the above drawbacks occur from all of the 
light emitting device including the P-type electrode of the 
% open' electrode structure and the x close' electrode 
structure. Accordingly, the P-type electrode with a high 
thermal stability and a low contact resistance is so 
sincerely required to be developed. 

Additionally, the N-type electrode having the specific 
contact resistance of more than 10" 5 Qcnf is suitable to the 
light emitting device, but a Ti-based electrode is reportedly 
so vulnerable in view of a thermal characteristic. 

Further, the conventional art has many disadvantages in 
view of a device production and yield since the P-type 
electrode and the N-type electrode are separately 
manufactured . 

Disclosure of the Invention 

Accordingly, the present invention is directed to a 
light device and a fabrication method thereof that 
substantially obviate one or more of the problems due to 
limitations and disadvantages of the related art. 

An object of the present invention is to provide a 
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light device and a fabrication method thereof in which an 
electric/thermal/structural stability is obtained, and a P- 
type electrode and an N-type electrode can be simultaneously 
formed . 

5 Another object of the present invention is to provide a 

light device and a fabrication method thereof in which a 
specific contact resistance of a transparent electrode is 
lowered, and a carrier supplied from an external cannot only 
perform a regular current spreading into a device using the 

10 lowered resistance, but also a photon generated and emitted 
from the device can be well-escaped to the external. 

A further another object of the present invention is to 
provide a light device and a fabrication method thereof in 
which a metal-hydrogen compound layer is formed within an 

15 ohmic electrode of a P-type gallium nitride-based compound 
semiconductor and a native oxide layer is removed such that a 
low resistance, a "high transmittance, a high thermal 
stability can be embodied. 

To achieve these and other advantages and in accordance 

2 0 with the purpose of the present invention, as embodied and 
broadly described, a light device according to an aspect of 
the present invention includes: a GaN-based layer; a high 
concentration GaN-based layer formed on the GaN-based layer; 
a first metal-Ga compound layer formed on the high 

25 concentration GaN-based layer; a first metal layer formed on 
the first metal-Ga compound layer; a third metal-Al compound 
layer formed on the first metal layer; and a conductive 
oxidation preventive layer formed on the third metal-Al 
compound layer. 

30 In another embodiment, a light device including: a GaN- 

based layer; a high concentration GaN-based layer formed on 
the GaN-based layer; a transparent electrode layer formed on 
the high concentration GaN-based layer; a first metal-Ga 
compound layer formed on the transparent electrode layer; a 

35 first metal layer formed on the first metal-Ga compound 
layer; a third metal-Al compound layer formed on the first 
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metal layer; and a conductive oxidation preventive layer 
formed on the third metal-Al compound layer. 

In a further another embodiment, a light device 
including: a GaN-based layer; a high concentration GaN-based 
5 layer formed on the GaN-based layer; a first metal-Ga-N 
compound layer formed on the high concentration GaN-based 
layer; a first metal layer formed on the first metal-Ga-N 
compound layer; a third metal-Al compound layer formed on the 
first metal layer; and a conductive oxidation preventive 
10 layer formed on the third metal-Al compound layer. 

Further, the GaN-based layer is P-type or N-type. 

In a still another embodiment, a light device having a 
transparent electrode, wherein the transparent electrode 
includes: a metal oxide layer formed of a first metal; a 
15 mixed oxide layer formed by reacting a third metal and a 
first metal forming the metal oxide layer; and a conductive 
arrangement material formed* of a second metal, and arranged 
in a metal dot shape in the metal oxide layer and the mixed 
oxide layer. 

20 In a still another embodiment, a light device 

including: a semiconductor layer; a high concentration 
impurity metal oxide layer formed on the semiconductor layer; 
and a transparent electrode formed on the high concentration 
impurity metal oxide layer. 

25 In a still another embodiment, a light device having an 

electrode structure, wherein the electrode structure 
includes: a GaN-based layer; a contact layer formed on an 
upper surface of the GaN-based layer and having a high 
reactivity with hydrogen; a bonding pad layer formed on an 

3 0 upper surface of the contact layer and having a low 
reactivity with oxygen; a diffusion barrier layer formed at 
an interface of the contact layer and the bonding pad layer; 
and a high concentration G^N-based layer and a metal-hydrogen 
compound layer formed at an interface of the contact layer 

35 and the GaN-based layer by a natural reaction and/or a 
thermal annealing process. 
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In another aspect of the present invention, a light 
device fabrication method including the steps of: forming a 
first metal layer on a first GaN-based layer and a second 
GaN-based layer; forming a second metal layer formed of an 
Al-based or (Ni-Al ) -based material on the first metal layer; 
forming a third metal layer on the second metal layer; 
forming a conductive oxidation preventive layer on the third 
metal layer; and performing a thermal annealing for the 
resultant material of the preceding step such that upper 
regions of the first GaN-based layer and the second GaN-based 
layer are respectively formed of a high concentration first 
GaN-based layer and a high concentration second GaN-based 
layer, a first metal-Ga compound layer is formed on the high 
concentration first GaN-based layer and a first metal-Ga-N 
compound layer is formed on the high concentration second 
GaN-based layer, a first metal layer is formed on the first 
metal-Ga compound layer and the * first metal-Ga-N compound 
layer, a third metal-Al compound layer is formed on the first 
metal layer, and a conductive oxidation preventive layer is 
formed on the third metal-Al compound layer. 

In another embodiment, a light device fabrication 
method including the steps of: forming a first metal layer on 
a GaN-based layer; forming a second metal layer on the first 
metal layer; forming a third metal layer on the second metal 
layer; and performing a thermal annealing for the resultant 
material of the preceding step in an oxygen-containing 
atmosphere such that an upper region of the GaN-based layer 
is of a high concentration GaN-based layer, the first metal 
layer is of a metallic oxide layer, the third metal layer 
reacts with a first metal forming the first metal layer to 
form a mixed oxide layer, the second metal layer is of a 
metal dot shaped conductive arrangement material within the 
metallic oxide layer and the mixed oxide layer. 

In a further another embodiment, a light device 
fabrication method including the steps of: removing a native 
oxide layer of a GaN-based compound semiconductor; depositing 
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a contact layer using a metal having an excellent reactivity 
with hydrogen; forming a bonding pad layer using a metal 
having a low reactivity with oxygen and forming a stable 
compound with the contact layer; and performing a thermal 
annealing . 

Brief Description of the Drawings 

FIG. 1 is a view illustrating an exemplary P-type 
electrode of a conventional light emitting device; 

FIG. 2 is a view illustrating an exemplary multi- 
structured P-type electrode of a conventional light emitting 
device ; 

FIG. 3 is a view illustrating another exemplary multi- 
structured P-type electrode of a conventional light emitting 
device ; 

FIG. 4 is a view illustrating another exemplary P-type 
electrode of a conventional light emitting device; 

FIG. 5 is a view illustrating an exemplary N-type 
electrode of a conventional light emitting device; 

FIG. 6 is a view illustrating a P-type electrode of a 
light emitting device according to a first embodiment of the 
present invention ; 

FIG. 7 is a view illustrating a P-type electrode of a 
light emitting device according to a second embodiment of 
the present invention; 

FIG. 8 is a view illustrating a structure of a light 
emitting device having a transparent electrode according to 
a third embodiment of the present invention; 

FIG. 9 is a view illustrating a structure of a light 
emitting device having a transparent electrode according to 
a fourth embodiment of the present invention; 

FIG. 10 is a view illustrating a structure of a light 
emitting device having a transparent electrode according to 
a fifth embodiment of the present invention; 
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FIG. 11 is a view illustrating a structure of a light 
emitting device having a transparent electrode according to 
a sixth embodiment of the present invention; 

FIG. 12 is a sectional view illustrating an ohmic 
electrode of a P-type gallium nitride-based compound (p- 
(Al) x (In) y (Ga) 1 _ (x+y) N) semiconductor having a metal -hydrogen 
compound layer formed before thermal annealing according to 
a seventh embodiment of the present invention; 

FIG . 13 is a sectional view illustrating a structure of 
an ohmic electrode of a P-type gallium nitride-based 
compound (p- (Al ) x ( In) y (Ga) 1 _ (X+Y) N) semiconductor after thermal 
annealing according to a seventh embodiment of the present 
invention ; 

FIG. 14 is a view illustrating an exemplary N-type 
electrode of a light emitting device according to a 
preferred embodiment of the present invention; 

FIG. 15 is a view for depicting a fabrication method of 
a transparent electrode of a light emitting device according 
to a preferred embodiment of the present invention; 

FIG. 16 is a graph illustrating a result of a SIMS 
depth analysis so as to confirm a platinum-hydrogen compound 
layer by a first ohmic electrode forming method of a light 
emitting device according to a preferred embodiment of the 
present invention; 

FIG. 17 is a graph illustrating a result of a SIMS 
depth analysis so as to confirm a titanium-hydrogen compound 
layer by a first ohmic electrode forming method of a light 
emitting device according to a preferred embodiment of the 
present invention; 

FIG. 18 is a view illustrating a current -voltage 
characteristic of an ohmic electrode manufactured by a 
second ohmic electrode forming method of a light emitting 
device according to a preferred embodiment of the present 
invention ; 

FIG. 19 is a view illustrating a current -voltage 
characteristic of an ohmic electrode in which a thermal 
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annealing is performed by a third ohmic electrode forming 
method of a light emitting device according to a preferred 
embodiment of the present invention; 

FIG. 20 is a view illustrating a result of a specific 
contact resistance depending on lapse of a thermal annealing 
time in a third ohmic electrode forming method of a light 
emitting device according to a preferred embodiment of the 
present invention ; 

FIG. 21 is a view illustrating a current -voltage 
characteristic of an ohmic electrode manufactured by a 
fourth ohmic electrode forming method of a light emitting 
device according to a preferred embodiment of the present 
invention ; 

FIG. 22 is a view illustrating a current -voltage 
characteristic of an ohmic electrode in which a thermal 
annealing is performed by a fifth ohmic electrode forming 
method of a 'light emitting device according to 'a preferred 
embodiment of the present invention; 

FIG. 23 is a view illustrating a result of a specific 
contact resistance depending on lapse of a thermal annealing 
time in a fifth ohmic electrode forming method of a light 
emitting device according to a preferred embodiment of the 
present invention ; 

FIG. 24 is a view illustrating a variation of a surface 
resistance value of an ohmic electrode according to a 
preferred embodiment of the present invention; and 

FIG. 25 is a view for depicting an electrode 
fabrication method of a light emitting device according to 
another embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

Hereinafter, preferred embodiments of the present 
invention will be described in detail with reference to 
accompanying drawings. Here, the same reference numbers are 
assigned with respect to elements consisting of one pair and 
each of the pair is subdivided using an English letter. 

11 
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First, an electrode structure of a light emitting 
device proposed in the present invention will be briefly 
described, and a detailed description will be made for the 
fabrication method of the light emitting device according to 
5 the present invention. 

FIG. 6 is a view illustrating a P-type electrode of a 
light emitting device according to a first embodiment of the 
present invention . 

As shown in FIG. 6, the inventive light emitting device 

10 has a P + -(In, Al ) GaN layer 402 as a high hole concentration 
layer formed on a P-(In, Al ) GaN layer 401. Additionally, a 
first metal-Ga compound layer 403 is formed on the P + - (In, 
Al ) GaN layer 402, and a first metal layer 404 is formed on 
the first metal-Ga compound layer 403. Further, a third 

15 metal -Al compound layer 4 05 is formed on the first metal 
layer 404, and a conductive oxidation preventive layer 406 
is formed on the " third metal-Al compound layer 405 / This 
represents a P-type electrode structure corresponding to a 
conventional 'open' electrode structure. 

20 FIG. 7 is a view illustrating a P-type electrode of a 

light emitting device according to a second embodiment of 
the present invention. 

As shown in FIG. 7, the light emitting device according 
to the second embodiment of the present invention has a P + - 

2 5 (In, Al ) GaN layer 4 02 as a high hole concentration layer 

formed on a P- (In, Al ) GaN layer 401, and a P-type 
transparent electrode layer 410 is additionally formed on 
the P + -(In, Al ) GaN layer 402. 

Additionally, a first metal-Ga compound layer 403 is 

30 formed on the P-type transparent electrode layer 410, and a 
first metal layer 404 is formed on the first metal-Ga 
compound layer 403. 

Further, a third metal-Al compound layer 405 is formed 
on the first metal layer 404, and a conductive oxidation 

35 preventive layer 406 is formed on the third metal-Al 
compound layer 405. This represents a P-type electrode 
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structure corresponding to a conventional 'close' electrode 
structure . 

FIG. 8 is a view illustrating a structure of a light 
emitting device having a transparent electrode according to 
a third embodiment of the present invention. 

As shown in FIG. 8, the transparent electrode 510 of 
the light emitting device according to the present invention 
is of a metal oxide layer 503, a mixed oxide layer 504 and a 
conductive arrangement material 505. Additionally, the 
transparent electrode 510 is formed on a high concentration 
P-type GaN-based layer 502, and the high concentration P- 
type GaN-based layer 502 is formed on the P-type GaN-based 
layer 501. 

Herein, the conductive arrangement material 505 is 
arranged to have a metal dot shape in the whole transparent 
electrode 510 comprised of the metal oxide layer 503 and the 
mixed oxide layer 504 ,* and functions as a 'conductive' 
bridge'. At this time, the conductive arrangement material 
505 is arranged to have a metal dot shape with periodical 
arrangement within the transparent electrode 510. 

On the other hand, as another example of the 
transparent electrode of the light emitting device according 
to the present invention, the transparent electrode of the 
light emitting device can be also formed as shown in FIGs . 9 
to 11 . 

FIGs. 9 to 11 are views illustrating structures of 
light emitting devices having transparent electrodes 
according to fourth to sixth embodiments of the present 
invention. 

As shown in FIG. 9, the transparent electrode according 
to the fourth embodiment of the present invention has a P + - 
IrO layer 602 having a high hole concentration (more than 
10 l8 cm~ 3 ) formed on a P-type GaN-based layer 601, and a 
transparent electrode 603 is formed on the P + -IrO layer 602. 
Herein, the transparent electrode 603 can be formed of a 
certain metallic transparent electrode (for example, Co- 

13 
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O/Au, Ni-O/Au and the like) , and can be formed of the 
transparent electrode described with reference to FIG. 8. 

Herein, the P + -IrO layer 602 can be formed in the 
following methods . 
5 One method is a deposition method using a sputtering 

system in which a deposition is performed using a gas plasma 
containing oxygen for an IrO or Ir target. 

In another method, the P + -IrO layer 602 can be also 
formed by depositing Ir by an evaporator or physical vapor 
10 deposition (PVD) method, and then performing the thermal 
annealing at a high temperature of at least 4 00°C in an 
oxygen- containing atmosphere. At this time, the oxide itself 
has x p-conduction' / 

Additionally, as shown in FIG. 10, the transparent 
15 electrode according to the fifth embodiment of the present 
invention has a P + -ZnO layer 702 having a high hole 
concentration (more than 10 Cm ) formed on a P-type GaN- 
based layer 701, and a transparent electrode 703 is formed 
■on the P + -IrO layer 702. Herein, the transparent electrode 
20 703 can be of a metal having an excellent conductivity and 
light transmittance, and can be formed of the transparent 
electrode described with reference to FIG. 8. 

Herein, as a forming method, the P + -IrO layer 702 can 
be formed using a sputter, MBE (Molecular Bean Epitaxy) , 
25 MOCVD (Metal Oxide Chemical Vapor Deposition) . In this case, 
P is used as a dopant. 

In case of the sputter, a high concentration P-type ZnO 
can be deposited using an oxygen-containing gas plasma and 
PH 3 for a ZnO target, and in case of the MOCVD, the high 
3 0 concentration P-type ZnO can be grown-up using ZnCl 2 , 0 2 and 
PH 3 . 

Further, as shown in FIG. 11, the transparent electrode 
according to the sixth embodiment of the present invention 
has a high concentration N + -ZnO layer 802 formed on a P-type 
35 GaN-based layer 801, and a transparent electrode 803 is 
formed on the N + -IrO layer 802. Herein, the transparent 
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electrode 803 can be of a metal having an excellent 
conductivity and light transmittance, and can be formed of 
the transparent electrode described with reference to FIG. 
8 . 

As an N + -ZnO layer 802 forming method, a sputter 
deposition method is used, and a MOCVD deposition method is 
also considered. 

In the method using the sputter, firstly, if ZnO, A1 2 0 3 
targets are used to form the plasma in the oxygen- containing 
atmosphere for deposition, Al acts as a * N- conduct ion 
dopant' within ZnO to deposit a high concentration ZnO. 

As a more exact expression of the ZnO formed as above, 
the ZnO is expressed as ZnO:Al or AZO (Al doped ZnO) . 

The above-described present invention can obtain the 
following characteristics . 

The P + -type IrO 602 or the P + -type ZnO 702 having the 
high hole concentration (more than 10 ,8 cm~ 3 ) is formed on the 
P-type GaN-based layer 601 or 701 such that the transparent 
electrode 603 or 703 formed on the P + -type IrO 602 or the P + - 
type ZnO 702 can easily accomplish the ohmic contact by a 
tunneling operation principle. 

That is, the IrO and ZnO having the high concentration 
doping function as the tunneling layer with respect to the 
transparent electrode layer formed thereon such that the 
excellent ohmic contact can be accomplished. 

It is known that if the doping concentration increases, 
since the carrier flows by a tunneling irrespective of a 
metal semiconductor contact barrier, the ohmic contact is 
naturally formed. 

Further, even in case the N + -type ZnO layer 802 is 
formed, the ohmic contact with the transparent electrode 803 
formed thereon can be accomplished by the tunneling 
operation principle . 

FIG. 12 is a sectional view illustrating an ohmic 
electrode of a P-type gallium nitride-based compound (P- 
(Al ) x ( In) y (Ga) i.( X+ Y)N) semiconductor having a metal -hydrogen 
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compound layer formed before a thermal annealing according 
to a seventh embodiment of the present invention. 

Referring to FIG. 12, laminated are a P-type gallium 
nitride-based compound (P- (Al ) x ( In) y (Ga) (x+y ,N) semiconductor 
5 layer 901, a contact layer 904 and a bonding pad layer 905. 

Before the contact layer 904 is formed, if a metal 
forming the contact layer 904 is deposited after a native 
oxide layer of the P-type gallium nitride-based compound (P- 
(Al ) x ( In) y (Ga) i- (x+y )N) semiconductor is removed, the metal 
10 forming the contact layer 904 and a hydrogen within the P- 
type gallium nitride-based compound ( P- (Al ) x ( In) y (Ga) 1 . (x+y ,N) 
semiconductor are combined to form a metal -hydrogen compound 
layer 903, and a P*-type gallium nitride-based compound (P*- 
(Al) x (In) y (Ga) 1 . (x+y) N) semiconductor layer 902 on a lower 
15 surface of the metal -hydrogen compound layer 903. 

The contact layer 904 can be formed of a single layer 
of a multi layer, and can be of platinum (Pt) , titanium 
(Ti), palladium (Pd) , nickel (Ni), tantalum (Ta) , tungsten 
(W) , aluminum (Al) , chrome (Cr) , vanadium (V), iridium (Ir), 
2 0 hafnium (Hf ) and cobalt (Co) . 

Further, the bonding pad layer 905 can be formed of a 
single layer or a multi layer and can be of gold (Au) , 
palladium (Pd) , ruthenium (Ru) , nickel (Ni) , tungsten (W) , 
cobalt (Co) , molybdenum (Mo) and copper (Cu) . 
25 Furthermore, when assuming that an element of the 

bonding pad layer 905 is X M' , M-0 ( 4 M' oxygen compound), M- 
Si ( ' NT silicon compound), M-N('M' nitrogen compound) and M- 
C('M' carbon compound) can be also formed. 

Furthermore, the metal -hydrogen compound layer 9 03 is 
30 formed such that a carrier of a P-type gallium nitride-based 
compound ( P- (Al ) x ( In) y (Ga) 1 . {x+ y) N) semiconductor can be 
increased to lower a height of a Schottky barrier height 
existing at an interface of the metal and the semiconductor. 

On the other hand, the native oxide layer within the P- 
35 type gallium nitride-based compound (P- (Al ) x ( In) y (Ga) x . , x+y) N) 
semiconductor is removed using chemicals or a plasma source 
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for etching. Specifically, in case the chemicals is used, 
passivation of an element of fluorine (F) , chorine (CI) , 
sulfur (S) , hydroxy (OH) and the like is formed on a P-type 
wafer to facilitate a reaction of the metal and hydrogen of 
5 the P-type wafer at the time of depositing a metal element. 
Preferably, as the chemicals, a BOE (Buffered Oxide Etch) 
solution is used. 

FIG. 13 is a sectional view illustrating a structure of 
an ohmic electrode of a P + -type gallium nitride-based 
10 compound ( P + - (Al ) x ( In) y (Ga) x . < X+Y) N) semiconductor after thermal 
annealing according to a seventh embodiment of the present 
invention . 

Referring to FIG. 13, unlike FIG. 12, a diffusion 
barrier layer 910 is additionally formed between the bonding 

15 pad layer 905 and the contact layer 904 by the thermal 
annealing, and a P + -type gallium nitride-based compound (P + - 
(Al) x (rn) y (Ga) 1 . (x+y) N) semiconductor layer 902 and a metal- 
hydrogen compound layer 90 3 are formed more deeply. 

The diffusion barrier layer 910 is formed by mutually 

20 reacting with the bonding pad layer 905 and the contact 
layer 904, and unwanted reaction between the metal and the 
semiconductor is suppressed. 

Further, the thermal annealing facilitates a reaction 
of the contact layer 904 and a P-type gallium nitride-based 

25 compound (P- (Al) x ( In) y (Ga) 1 „ (X+Y) N) semiconductor 901 such that 
an active reaction of the metal of the contact layer and 
hydrogen causes the P + -type gallium nitride-based compound 
(P + - (Al) x (ln) y (Ga) 1MX+Y) N) semiconductor layer 902 and the 
metal -hydrogen compound layer 903 to be formed more deeply 

3 0 to thereby more increase the carrier concentration. As a 
result, a more excellent ohmic electrode can be embodied. 

On the other hand, FIG. 14 is a view illustrating an 
exemplary N-type electrode of a light emitting device 
according to a preferred embodiment of the present 

35 invention. 
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In another example of the light emitting device 
according to the present invention, as shown in FIG. 14, an 
N + -(In, Al)GaN layer 1002 is formed on an N- (In, Al ) GaN layer 
1001. Additionally, a first metal-Ga-N compound layer 1003 
5 is formed on the N + -(In, Al ) GaN layer 1002, and a first metal 
layer 1004 is formed on the first metal-Ga-N compound layer 
1003 . 

Further, a third metal -Al compound layer 1005 is formed 
on the first metal layer 1004, and a conductive oxidation 
10 preventive layer 1006 is formed on the third metal-Al 
compound layer 1005. 

Thus, an electrode forming procedure of the above light 
emitting device is described with reference to FIGs. 15 to 
25 . 

15 FIG. 15 is a view for depicting a fabrication method of 

a transparent electrode of the light emitting device 
according 'to a preferred embodiment of 'the present 
invention . 

Firstly, a first metal layer 1102 is formed on a P-type 
20 GaN-based layer 1101, for example, a P- (In, Al ) GaN layer on 

which the transparent electrode is intended to be formed. 

Herein, the first metal layer 1102 is of one selected from 

metals (particularly, metals having a low reactivity with N) 

having an excellent affinity with hydrogen and a low 
25 reactivity with a material forming the P-type GaN-based 

layer 1101, for example, GaN. 

Additionally, a second metal layer 1103 is formed on 

the first metal layer 1102. At this time, the second metal 

layer 1103 is of a selected material that can easily form a 
3 0 metal dot shape (referring to conductive arrangement 

material 505 of FIG. 8) within an oxide formed later. This 

will be again described later. 

Further, a third metal layer 1104 is additionally 

formed on the second metal layer 1103. Herein, the third 
35 metal layer 1104 is of a selected material that can easily 

form the mixed oxide layer (referring to 504 of FIG. 8) in 
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the thermal annealing process performed later with the first 
metal layer 1102. 

As such, as a subsequent process for the laminated 
result, the thermal annealing process (or plasma process) is 
5 performed in the oxygen- containing atmosphere. Accordingly, 
the following reaction is performed. 

Firstly, a metal forming the first metal layer 1102 
effectively absorbs hydrogen existing in a Mg-H complex 
structure existing within the P-type GaN-based layer 1101 at 

10 the time of the oxygen-containing thermal annealing process 
(or plasma process) . Accordingly, the first metal layer 1102 
has a structure of v (first metal ) -Oxide : H' (metal oxide 
layer 503 of FIG. 8) , and at the same time, the P-type GaN- 
based layer 1101 is of the high concentration P-type GaN- 

15 based layer (502 of FIG. 8) and the P-type GaN-based layer 
(501 of FIG. 8) . 

Together with this, since the metal forming the first 
metal layer 1102 has a low reactivity with a material 
forming the P-type GaN-based layer 1101, for example, GaN, 

20 it is difficult to form a metal -nitride such as x (first 
metal) -nitride' such that a stable ohmic electrode structure 
is obtained. 

Additionally, the thermal annealing process causes a 
mutual diffusion reaction to occur at a portion of the third 

25 metal layer 1104 and the first metal layer 1102 such that a 
thermally stable *mixed oxide of (third metal )-( first 
metal) ' (504 of FIG. 8) is formed. This allows a transparent 
layer to be formed together with x (first metal ) -Oxide : H' 
layer (metal oxide layer 503 of FIG. 8) to help that a light 

3 0 generated from within a device is well emitted from the 
device . 

Further, a metallic material forming the second metal 
layer 1103 forms a *metal dot' (referring to conductive 
arrangement material 505 of FIG. 8) within the oxide by the 
35 thermal annealing process. The metal dot functions as a 
* conduction bridge' to cause the oxide layer formed by the 
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thermal annealing process to have a conductivity to help 
that the transparent electrode 510 functions as a * current 
spreader' for spreading the current. 

Together with this, since a size and a density of the 
metal dot is controlled to cause a refractive index within 
the oxide to be adjusted, a function of a photon path can be 
performed such that the photon can be more emitted from the 
device in short wavelength regions. 

The above-described present invention can obtain the 
following characteristics . 

Firstly, the metal material having an oxygen affinity 
and a low reactivity with the P-type GaN-based layer formed 
at a lower portion thereof is used as the contact layer such 
that a doping concentration at the P-type nitride 
semiconductor caused by the contact electrode layer is 
effectively increased after the thermal annealing process. 
Accordingly, a good quality ohmic contact can be embodied 
and an improvement for a device reliability is much expected 
due to a stable interface. 

Further, the x metal dot' functioning as a TCB (TCO 
conducting Bridge) is formed in the whole oxide such that 
the refractive index adjustment and the carrier conduction 
characteristic are easily improved. Accordingly, the loss of 
the photon generated from within the device is reduced that 
is caused by absorption or scattering at the transparent 
electrode layer such that a light output of the device can 
be remarkably increased. 

Furthermore, since a dual TCO mixed oxide itself is 
much stable thermally, the above-constructed transparent 
structure has an excellent 1 current - spreader ' , 'photon 
path' , x absorption factor against interfacial energy' 
function in the device such that much effect can be obtained 
in an electric/structural/optical characteristic 

improvement, a reliability security and the like of the 
light emitting device. 
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On the other hand, as a concrete example of the 
material forming each metal layer, the following material 
can be selected. 

First metal layer: Pd, Ir, Zn and Ni 
5 - Second metal layer: Au and Pt 

€ - Third metal layer: ZnO , IrO, Ir, Ni , Pd, Zn and V 

Herein, as the material forming the first metal layer, 
the metal is selected in which the reactivity is excellent 

10 with hydrogen while the oxide is easily formed, and the 
metal almost not having the reactivity with N is selected. 
This is because if the material forming the first metal 
layer reacts with N, since the doping concentration existing 
within the P- (In, Al ) GaN layer is lowered due to a 

15 compensation phenomenon, it is difficult to form the ohmic 
characteristic. 

Further, the material "forming the second metal layer is 
selected from the metals that can form the metal dot. 

The metal dot is formed in the following principle. 

2 0 That is, if the metal forming the oxide and the metal not 
forming the oxide are laminated and thermally annealed, the 
former forms the oxide, and the metal not forming the oxide 
is naturally in a dot shape by a strain phenomenon caused by 
a difference of a thermal energy with a surface. The metal 

2 5 dot helps that the oxide has the conductivity, and the size 

of the metal dot is controlled such that the refractive 
index of the oxide can be adjusted. At this time, the size 
and the density of the metal dot can be controlled by 
varying a thickness forming each layer, a time and a 

3 0 temperature for the thermal annealing, an atmosphere gas and 

the like. 

Enthalpy energy (KJ/mole of atoms) of the material 
forming the first metal layer and the material forming the 
second metal layer, and oxygen is expressed as follows. That 
3 5 is, Pd, Ir, Zn and Ni are metals in which oxide formation is 
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so easy, and whose enthalpy energy represents values of Pd- 
O- (-56) , Ni-O(-120) , Ir-O(-80) , Zn-0(-174) . 

Further, Au and Pt are metals in which oxide formation 
is so difficult, and whose enthalpy energy represents value 
5 of Au-O(-lO), Pt-0(+ value). 

Additionally, the third metal layer is, as described 
above, selected from the metals forming the first electrode 
layer and the metal that can easily form the mixed oxide 
layer . 

10 In case that, among the above materials, Ir is 

deposited as the first electrode layer on the P- (In, Al) GaN 
layer, and Au is deposited as the second electrode layer on 
the first electrode layer, and then ZnO is deposited as the 
third electrode layer and the thermal annealing is perform 

15 at 550°C in the oxygen atmosphere, the following layer is 
formed . 

P-(In, Al)GaN/P + - (In, Al ) GaN/IrO : H/Ir-ZnO 
(Au exists in the metal dot shape within the oxide) 

20 Herein, since IrO:H has a large metal work function 

value relatively to Ir (Ir=4.7eV, IrO : H > 5 . 4eV) , the P-type 
ohmic formation can be much helped. 

Further, the thermal/structural stability is obtained 
at the moment of generating the oxide, and the oxide 

2 5 generally has a polycrystalline structure while having an 

epitaxial relation with GaN. 

Accordingly, the Ir-ZnO mixed oxide layer formed at a 
top portion is helped to have the same heteroepitaxial 
relation . 

3 0 This helps that the photon generated from within the 

light device can be well emitted out of the device. Together 
with this, since the stable electrode interface can be 
formed, a reliability of the electrode can be much improved. 

Hereinafter, a concrete example of a forming procedure 
3 5 of the ohmic electrode of the P-type gallium nitride-based 
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compound semiconductor (P- (Al) x (In) y (Ga) a . u+y) N) according to 
the present invention will be described. 

(First ohmic electrode forming- method) 
5 The P-type gallium nitride-based compound (P- 

(Al) x (In) y (Ga) 1 „ (x+y) N) semiconductor is surf ace- washed using 
trichloroethylene (TCE) , acetone, methanol, and distilled 
water in an ultrasonic washer at a 60 °C temperature by five 
minutes. Additionally, in order to remove the native oxide 
10 layer within the P-type gallium nitride-based compound (P- 
(Al) x (In) y (Ga) ^^N) semiconductor, a surface-treatment is 
performed for ten minutes in a boiling method using the BOE 
being a fluorine-based wet solution to remove the native 
oxide layer. 

15 After that, platinum (Pt) and titanium (Ti) being the 

metal having the excellent reactivity with hydrogen are 
separately deposited as the contact layer using an electron 
beam deposition device. 

FIGs . 16 and 17 are graphs illustrating results of SIMS 

2 0 depth analyses so as to confirm a platinum-hydrogen compound 

layer and a titanium-hydrogen compound layer by the first 
ohmic electrode forming method of the light emitting device 
according to a preferred embodiment of the present 
invention . 

25 

(Second ohmic electrode forming method) 

After the native oxide layer within the P-type gallium 
nitride -based compound (P- (Al ) x ( In) y (Ga) 1Mx+y ,N) semiconductor 
is removed in the same method as the first ohmic electrode 
20 forming method, a circular- transmission line model (C-TLM) 
pattern is formed using a lithography, and then metal 
deposition is performed. In the deposition, platinum (Pt) is 
deposited as the contact layer to have a 20nm thickness at a 
pressure of about 10-7 torr, and Gold (Au) having the low 

3 5 reactivity with oxygen is deposited as the bonding pad layer 

to have a 20 nm thickness. After that, a lift-off process is 
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performed with acetone such that the ohmic electrode having 
a TLM (Transmission Line Model) pattern is manufactured. 

FIG. 18 is a view illustrating a current -voltage 
characteristic of the ohmic electrode manufactured by the 
5 second ohmic electrode forming method of the light emitting 
device according to a preferred embodiment of the present 
invention . 

(Third ohmic electrode forming method) 
10 After the second ohmic electrode forming method is all 

completed, the thermal annealing is performed at a 600 °C 
temperature in a nitrogen, air, oxygen or argon atmosphere 
in a furnace for one minute so as to find an ohmic 
condition . 

15 FIG. 19 is a view illustrating a current -voltage 

characteristic of the ohmic electrode in which the thermal 
annealing is performed by the third ohmic -electrode forming 
method of the light emitting device, and FIG. 20 is a view 
illustrating a result of a specific contact resistance 

2 0 depending on lapse of a thermal annealing time in the third 

ohmic electrode forming method of the light emitting device. 

Referring to FIGs . 19 and 20, it can be appreciated 
that the excellent ohmic contact characteristic is obtained 
by the above procedure. Specifically, it -can be appreciated 
25 that the specific contact resistance value reaches less than 
10" 5 fflcnf. 

(Fourth ohmic electrode forming method) 

The fourth ohmic electrode forming method is almost the 

3 0 same as the second ohmic electrode forming method, however 

it is differentiated only in that titanium (Ti) is deposited 
as the contact layer instead of platinum (Pt) . 

FIG. 21 is a view illustrating a current -voltage 
characteristic of an ohmic electrode manufactured by a 
3 5 fourth ohmic electrode forming method of a light emitting 
device . 

24 
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(Fifth ohmic electrode forming method) 

In order to find the ohmic condition after the fourth 
ohmic electrode forming process is all completed, the fifth 
5 ohmic electrode forming method performs the thermal 
annealing at a 600 °C temperature for one minute in the 
nitrogen, air, oxygen or argon atmosphere in the furnace. 

FIG. 22 is a view illustrating a current -voltage 
characteristic of an ohmic electrode in which a thermal 
10 annealing is performed . by the fifth ohmic electrode forming 
method, and FIG. 23 is a view illustrating a result of a 
specific contact resistance depending on lapse of a thermal 
annealing time in the fifth ohmic electrode forming method. 

Referring to FIGs. 22 and 23, it can be appreciated 
15 that the excellent ohmic contact characteristic is obtained 
by the above procedure . 

Hereinafter, a surface resistance value of the ohmic 
electrode within a spirit according to the present invention 
and a conventional surface resistance value are compared to 
20 each other for description. 

FIG. 24 is a view illustrating a variation of the 
surface resistance value of the ohmic electrode according to 
a preferred embodiment of the present invention. 

Referring to FIG. 24, it can be appreciated that the 
25 carrier concentration within the P-type gallium nitride- 
based compound (P- (Al) x ( In) y (Ga) ^^N) semiconductor is 
caused by formation of the metal hydrogen compound layer. 

For example, comparing to the surface resistance value 
of the conventional ohmic electrode in which the native 
3 0 oxide layer is removed and the metal -hydrogen compound layer 
is not formed, a lower surface resistance value is observed 
in the ohmic electrode having the metal -hydrogen compound 
layer according to the present invention. 

The drawings show the variations of the surface 
35 resistance values of the times when the plat inum- hydrogen 
compound and the titanium-hydrogen compound are not only 

25 



PCT/KR2003/002468 

RO/KR 16.01.2004 

formed in the method proposed by the embodiments, but also 
the nickel -hydrogen compound and the palladium-hydrogen 
compound are formed in the same condition. 

FIG. 25 is a view for depicting an electrode 
fabrication method of a light emitting device according to 
another embodiment of the present invention. 

Herein, it is characterized in that the P-type 
electrode and the N-type electrode are not only formed 
separately, but also the P-type electrode and the N-type 
electrode are formed together in the same process. 

First, described will be the process in which the 
'open' electrode structured P-type electrode as shown in FIG. 
6 and the N-type electrode as shown in FIG. 14 are formed at 
the same time. 

As shown in FIG. 25, a first metal layer 1202 is formed 
on a P-dn, Al ) GaN layer and a N-(In, Al) GaN layer 1201. 
Herein, the P-(In; Al ) GaN layer 1201 is a region in which the 
P-type electrode is formed, and the N- (In, Al) GaN layer 1201 
represents a region in which the N-type electrode is formed. 

Additionally, a second metal layer 1203 formed of Al- 
based material is formed on the first metallic layer 1202. 

Further, a third metal layer 1204 is formed on the 
second metal layer 1203, and a conductive oxidation 
preventive layer 1205 is additionally formed on the third 

metal layer 1204. 

Herein, the material forming the first metal layer 1202 
is of a metal or compound having a high reactivity with Ga 
and N. Additionally, the material forming the third metal 
layer 1204 is of a metal or compound having a high reactivity 
with Al, and is of a metal or compound not having the 
reactivity with the material forming the conductive oxidation 

preventive layer 1205. 

Hereinafter, the thermal annealing is performed for the 
resultant material of the preceding step such that the P-type 
electrode and the N-type electrode of the light emitting 
device proposed in the present invention can be formed at the 
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same time. 

If so, each layer formed through the thermal annealing 
procedure will be described concretely. 

Through the thermal annealing procedure, upper portions 
of the P-dn, Al ) GaN layer (referring to 401 of FIG. 6) and 
the N-(In, Al) GaN layer (referring to 1001 of FIG. 14) are 
respectively formed of the P + -(In, Al ) GaN layer 402 and the 
N + -(In, Al) GaN layer 1002. 

Additionally, the first metal-Ga compound layer 403 is 
formed on the P + -(In, Al ) GaN layer 402, and the first metal- 
Ga-N compound layer 1003 is formed on the N + -(In, Al) GaN 
layer 1002. 

Further, the first metal layers 404 and 1004 are formed 
on the first metal-Ga compound layer 403 and the first metal- 
Ga-N compound layer 1003, and the third metal-Al compound 
layer 405 and 1005 on the first metal layers 404 and 1004. 
Additionally, the conductive oxidation preventive layers 406 
and 1006 are provided on the third metal-Al compound layers 
405 and 1005. 

On the other hand, the first metal layer 1202 shown in 
FIG. 25 is a layer forming a diffusion barrier introduced so 
as to suppress an interfacial reaction of the upper metallic 
elements of the first metal layer 1202 and the P-(In, Al ) GaN 
layer 1201 in the P-type electrode, at the time of the 
thermal annealing process performed so as to form the ohmic 
characteristic. Additionally, the first metal layer 1202 has 
an excellent reactivity characteristic with Ga and N in the 
N-type electrode, and since this causes the (first metal) - 
(Ga)-N compound layer 1003 to be formed at the interface, the 
contact characteristic with the electrode layer is excellent. 

The P-type electrode and the N-type electrode formed on 
basis of the above basic concepts have the following 
structural variations occurring through the thermal annealing 
procedure . 

First, the material forming the first metal layer 1202 
reacts with Ga of the P-(In, Al ) GaN layer 1201 to be 
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converted into a dual layer of the first metal-Ga compound 
layer 403/the first metal layer 404. Herein, the formed dual 
layer functions as a first diffusion barrier for suppressing 
the mutual reactivity with the semiconductor and the upper 
5 electrode material after the second metal layer 1203. 

At the same time, the P-(In, Al ) GaN layer 1201 is 
converted into the P-(In, Al ) GaN layer 4 01 /the P + -(In, Al ) GaN 
l a y er 402. The above structural conversion is accomplished 
because Ga vacancy formed in the P-(In, Al ) GaN layer 401 due 

10 to formation of the first metal-Ga compound layer 403 
functions as an acceptor in the P-type nitride semiconductor. 

At the same time, an N-(In, Al ) GaN nitrogen vacancy 
causes formation of the first metal-Ga-N compound layer 1003 
to thereby increase the carrier concentration near the 

15 surface such that the converted N-(ln, Al ) GaN layer 1001/N + - 
(In, Al ) GaN layer 1002 structure is obtained. 

Further, Al being the material forming the second metal 
layer 1203 reacts with the third metal being the material 
forming the third metal layer 1204 such that the third metal- 

20 Al compound layers 405 and 1005 are formed. Additionally, the 
third metal-Al compound layers 405 and 1005 take charge of a 
function as a second diffusion barrier for suppressing a 
unwanted reaction of the material forming the conductive 
oxidation preventive layer 1205 and the lower electrode and 

25 the semiconductor, and finally function to increase the 
thermal stability of the electrode. 

The material forming the conductive oxidation 
preventive layer 1205 prevents a contaminant material such as 
oxygen, water and the like easily generated in the thermal 

30 annealing and other subsequent processes from intruding into 
the electrode. 

Additionally, the conductive oxidation preventive layer 
1205 is of a high conductive material such that the carrier 
is well introduced into the electrode from the external, and 
35 accordingly, is of a material , functioning to increase the 
thermal/chemical stability of an electrode surface. 
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In the meantime, each metal layer described above can 
be of the following material. 

- first metal layer: Cr, V or W 

- second 'metal layer: Al or Ni-Al 

- third metal layer: Ni, Pt or Pd 

- conductive oxidation preventive layer: Au or a 
multi-metal or compound layer of two or more kinds 
containing Au 

Herein, Cr, V, W forming the first metal layer has the 
excellent reactivity with Ga in the P-GaN layer, and has the 
excellent reactivity with N in the N-GaN layer. As such, the 
reason why the same metal reacts differently from each other 
in the P-GaN layer and the N-GaN layer is due to a difference 
between electronegativity and interfacial energy formed at a 
metal-semiconductor interface. 

That is, the Cr, V, W metals are all materials having 
the reactivity with Ga and N. At this time, the reacted 
materials are differentiated due to the above reason such 
that the reactant results are different in the P-GaN layer 

and the N-GaN layer. 

A 'Heat Formation Enthalpy Energy' representing 

reactivity of each material is as follows. 
P-type electrode 
Cr-Ga: -20 to -30 KJ/mole of atoms 
V-Ga: -67 KJ/mole of atoms 
W-Ga: -1 KJ/mole of atoms 
- N-type electrode 
Cr- (Ga) -N : -35 KJ/mole of atoms 
V-(Ga)-N: -40 KJ/mole of atoms 
W-(Ga)-N: -24 KJ/mole of atoms 

Further, a diffusion barrier containing Al has a 
structure in which it can be earlier formed at the time of a 
room temperature deposition [the reason is NiAl (-38 KJ/mole 
of atoms at 298K), PtAl (-100 KJ/mole of atoms at 298K) , PdAl 
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(-84 KJ/mole of atoms at 373K) ] , and through the thermal 
annealing, more perfect metal-Al compound is formed. 

For example, if Cr, Al , Ni, Au are sequentially 
deposited on a semiconductor structure constructing the light 
5 emitting device by using an electron-beam evaporator, a 
Cr/Al/Ni/Au structure is obtained at the room temperature, 
and the thermal annealing is performed at 520°C in a 
nitrogen-containing atmosphere gas such that the electrode 
structure proposed in the present invention can be formed. 
10 Meanwhile, since the process of simultaneously forming 

the 'open' electrode structured P-type electrode as shown in 
FIG. 7 and the N-type electrode as shown in FIG. 14 is 
similar with" the above descriptions, a detailed description 
is omitted. 

15 However, in order to form the "close 7 electrode 

structured P-type electrode, the P-type transparent electrode 
layer (referring to 410 of FIG. 7) is additionally formed 
between the P-(In, Al) GaN layer 1201 and the first metal 
layer 1202. That is, after the P-type transparent electrode 

20 layer 410 is formed on the P-(In, Al) GaN layer 1201, the 
first metal layer 1202, the second metal layer 1203, the 
third metal layer 1204 and the conductive oxidation 
preventive layer 1205 are laminated and then thermally 
annealed . 

25 Further, the electrode structure proposed in the 

present invention can be not only applied to an NP-type light 
emitting device and an NPN-type light emitting device, but 
also can be applied directly to other electronic devices, an 
optic electronic device and the like using the (In, Al ) GaN 

30 semiconductor. 

In detail, in a unipolar n-channel device (HEMT, 
MISFET, MESFET and the like) , the electrode proposed in the 
present invention can be applied as a source and drain 
electrode, and in a P-channel device, can be applied as a 

35 gate electrode. 

Further, even in case a bipolar device, a direct 
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application can be made to emitter, base, collector 
electrodes depending on an NPN or PNP structure. Furthermore, 
an application can be made as an ohmic or Schottky electrode 
even to an electrode of a photo detector. 

The present invention can embody a concurrent type 
ohmic electrode for simultaneously satisfying the P-type 
ohmic electrode and N-type ohmic electrode characteristics 
through one electrode structure, differently from the method 
in which the separated N-type and P-type electrodes applied 
to the conventional light emitting device are formed. 

Further, in the present invention, the 

thermal/structural stability of the electrode can be much 
improved in comparison with the conventional electrode due to 
the stability of the 'first metal-Ga compound layer 403/first 
metal layer 404' of the P-type electrode and 'first metal-Ga- 
N compound layer 1003' of the N-type electrode being the 
first diffusion barrier described above, and 'third meta,l-Al 
compound layers 405 and 1005' and 'conductive oxidation 
preventive layers 406 and 1006' being the second diffusion 
barrier. 

Furthermore, the electrode having the excellent 
electric/thermal/structural characteristic helps to improve 
the reliability of the light emitting device, and this can 
much increase a device life-time. 

Additionally, since the present invention has an effect 
of increasing an actual current density of the device 
injected, a turn-on voltage reduction of the device can be 
effectively caused to thereby reduce a device consumption 
power . 

Industrial Applicability 

As described above, the light device and the 
fabrication method thereof according to the present invention 
has an advantage in that an electric/thermal/structural 
stability is obtained, and the P-type electrode and the N- 
type electrode can be simultaneously formed. 
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Further, the present invention has an advantage in that 
the P-type electrode and the N-type electrode can be 
simultaneously formed to thereby simplify a manufacture 
process, and reduce a cost. 
5 Furthermore, the specific contact resistance within the 

• transparent electrode is lowered, and the carrier supplied 
from the external performs the regular current spreading into 
the device using the lowered resistance. ' 

Additionally, the photon generated and emitted from 
10 within the device can be allowed to well escape to the 
external . 

Further, the metal-hydrogen compound layer is formed 
within the ohmic electrode such that the excellent ohmic 
electrode of the P-type gallium nitride-based compound (P- 

15 (Al) x (In) y (Ga) i-( X+ y)N) can be embodied. 

In the embodiments of the present invention, the 
electrode structure of .the light emitting device and its. 
fabrication method are described, but they can be not only 
applied to the light emitting device, but also can be applied 

20 directly to the other devices, the optic electronic device 
and the like using the (In, Al)GaN semiconductor. 

While the present invention has been described and 
illustrated herein with reference to the preferred 
embodiments thereof, it will be apparent to those skilled in 

2 5 the art that various modifications and variations can be 
made therein without departing from the spirit and scope of 
the invention. Thus, it is intended that the present 
invention covers the modifications and variations of this 
invention that come within the scope of the appended claims 

30 and their equivalents. 
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Claims 



1 . 



A light device comprising: 



a GaN-based layer; 

a high concentration GaN-based layer formed above the 
GaN-based layer; 

a first metal-Ga compound layer formed above the high 
concentration GaN-based layer; 

a first metal layer formed above the first metal-Ga 
compound layer; 

a third metal-Al compound layer formed above the first 
metal layer; and 

a conductive oxidation preventive layer formed above 
the third metal-Al compound layer. 

2. The light device according to claim l, further 
comprising a transparent electrode layer formed above the 
"high concentration GaN-based layer 

3. The light device according to claim 1, wherein 
the GaN-based layer is P-type. 

4. The light device according to claim 1, wherein 
the GaN-based layer is N-type. 

5. The light device according to claim 4, wherein the N 
is more compounded in the first metal-Ga compound layer. 

6. The light device according to claim 1, wherein 
the first metal layer is of one selected from the group 
consisting of Cr, V and W. 

7. The light device according to claim 1, wherein 
the first metal layer is of a metal or compound having a high 
reactivity with Ga and N . 
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8. The light device according to claim 1, wherein 
the third metal is of one selected from the group consisting 
of Ni, Pt and Pd. 

9. The light device according to claim 1, wherein 
the third metal is of a metal or compound having a high 
reactivity with Al . 

10. The light device according to claim 1, wherein the 
third metal is of a metal or a compound not having a 
reactivity with the material forming the conductive oxidation 
preventive layer. 

11. The light device according to claim 1, wherein the 
conductive oxidation preventive layer is of Au, or is of a 
multi-metal or compound of two or more kinds containing Au . 

12. A light device having a transparent electrode, 
wherein the transparent electrode comprises: 

a metal oxide layer formed of a first metal; 

a mixed oxide layer formed by reacting a third metal 
and a first metal forming the metal oxide layer; and 

a conductive arrangement material formed of a second 
metal, and arranged in a metal dot shape in the metal oxide 
layer and the mixed oxide layer. 

13. The light device according to claim 12, wherein 
the first metal is selected from the group consisting of Pd, 
Ir, Zn and Ni . 

14. The light device according to claim 12, wherein 
the first metal is a material having a high affinity with 
hydrogen . 

15. The light device according to. claim 12, wherein 
the first metal is a material having a low reactivity with a 
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P-type GaN-based layer above which an electrode is formed. 

16. The light device according to claim 12, wherein 
the metal dot shaped conductive arrangement material 
functions as a conductive bridge. 

17. The light device according to claim 12, wherein 
the second metal is Au or Pd. 

18. The light device according to claim 12,- wherein 
the third metal is selected from the group consisting of ZnO, 
IrO, Ir, Ni, Pd, Zn and V. 

19. The light device according to claim 12, wherein 
the transparent electrode is formed above a sequential P-type 
GaN-based layer, high concentration impurity metal oxide 
layer and multi-structured layer formed of the high 
concentration impurity metal oxide layer. 

20. The light device according to claim 19, wherein 
the high concentration impurity metal oxide layer is of one 
selected from the group consisting of P + -IrO, P + -ZnO, and N + - 
ZnO. 

21. A light device comprising: 
a semiconductor layer; 

a high concentration impurity metal oxide layer formed 
above the semiconductor layer; and 

a transparent electrode formed above the high 
concentration impurity metal oxide layer. 

22. The light device according to claim 21, wherein 
the high concentration impurity metal oxide layer is of one 
selected from the group consisting of P + -IrO, P + -ZnO and N + - 
ZnO. 
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The light device according to claim 21, wherein 




23 . 



the transparent electrode is of one selected from the group 
consisting of a Ni/Au-laminated structure, a Co-O/Au- 
laminated structure, and a Ni-O/Au-laminated structure. 



wherein the electrode structure comprises: 
a GaN-based layer; 

a contact layer formed above an upper surface of the 
GaN-based layer and having a high reactivity with hydrogen; 

a bonding pad layer formed above an upper surface of 
the contact layer and having a low reactivity with oxygen; 

a diffusion barrier layer formed at an interface of the 
contact layer and the bonding pad layer; and 

a high concentration GaN-based layer and a metal- 
hydrogen compound layer formed at an interface of the contact 
layer and the GaN-based layer by a natural reaction and/or a 
thermal annealing process. 

25. The light device according to claim 24, wherein 
the bonding pad layer is a single layer or a multi-layer 
structure of two or more layers, and is one selected from the 
group consisting of Gold (Au) , palladium (Pd) , ruthenium 
(Ru), nickel (Ni), tungsten (W) , cobalt (Co), molybdenum (Mo) 
and copper (Cu) . 

26. The light device according to claim 24, wherein 
the boding pad layer is a single layer or a multi-layer 
structure of two or more layers, and is of one selected from 
the group consisting of M-0 ( X M' oxygen compound) , M-Si ( *M' 
silicon compound), M-N( X M' nitrogen compound) and M-C ( y M' 
carbon compound), when assuming that one element of Gold(Au), 
palladium (Pd), ruthenium (Ru) , nickel (Ni) , tungsten (W) , 
cobalt (Co), molybdenum (Mo), copper (Cu) is *M' . 



24 . 



A light device having an electrode structure, 



27. The light device according to claim 24, wherein 
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the contact layer is a single layer or a multi-layer 
structure of two or more layers, and is one selected from the 
group consisting of platinum (Pt) , titanium (Ti) , palladium 
(Pd), nickel (Ni) , tantalum (Ta) , tungsten (W) , aluminum 
5 (Al), chrome (Cr) , vanadium (V), iridium (Ir), hafnium (Hf ) , 

and cobalt (Co) . 

28. A light device fabrication method comprising the 
steps of: 

10 forming a first metal layer above a first GaN-based 

layer and a second GaN-based layer; 

forming a second metal layer formed of an Al-based or 
(Ni-Al) -based material above the first metal layer; 

forming a third metal layer above the second metal 

15 layer; 

forming a conductive oxidation preventive layer above 
the third metal layer; and 

performing a thermal annealing for the resultant 
material of the preceding step such that upper regions of the 
20 first GaN-based layer and the second GaN-based layer are 
respectively formed of a high concentration first GaN-based 
layer and a high concentration second GaN-based layer, 

a first metal-Ga compound layer is formed above the 
high concentration first GaN-based layer, and a first metal- 
25 Ga-N compound layer is formed above the high concentration 
second GaN-based layer, 

a first metal layer is formed above the first metal-Ga 
compound layer and the first metal-Ga-N compound layer, 

a third metal-Al compound layer is formed above the 
30 first metal layer, and 

a conductive oxidation preventive layer is formed above 
the third metal-Al compound layer. 

29. The fabrication method according to claim 28, 
35 wherein the first metal layer is of one selected from the 

group consisting of Cr, V and W. 

37 




R2003/002468 



RO/KR 16.01.2004 

30. The fabrication method according to claim 28, 
wherein the first metal layer is of a metal or compound 
having a high reactivity with Ga and N . 

5 

31. The fabrication method according to claim 28, 
wherein the third metal layer is of one selected from the 
group consisting of Ni, Pt and Pd. 

10 32. The fabrication method according to claim 28, 

wherein a material forming the third metal layer is of a 
metal or compound having a high reactivity with Al . 

33. The fabrication method according to claim 28, 
15 wherein the third metal layer is of a metal or compound not 

having a reactivity with a material forming the conductive 
oxidation preventive layer. 

34. The fabrication method according to claim 28, 
20 wherein the conductive oxidation preventive layer is of Au, 

or is of a multi-metal or compound of two or more kinds 
containing Au . 

35. The fabrication method according to claim 28, 
25 wherein in the step of forming the first metal layer above 

the first GaN-based layer, a first transparent electrode 
layer is further formed above the first GaN-based layer, and 
the first metal layer is formed above the first transparent 
electrode layer. 

3 0 

36. A light device fabrication method comprising the 
steps of: 

forming a first metal layer above a GaN-based layer; 
forming a second metal layer above the first metal 

25 layer; 

forming a third metal layer above the second metal 
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layer; and 

performing a thermal annealing for the resultant 
material of the preceding step in an oxygen-containing 
atmosphere such that an upper region of the GaN-based layer 
5 is of a high concentration GaN-based layer, 

the first metal layer is of a metallic oxide layer, 

the third metal layer reacts with a first metal forming 
the first metal layer to form a mixed oxide layer, 

the second metal layer is of a metal dot shaped 
10 conductive arrangement material within the metallic oxide 
layer and the mixed oxide layer. 

37. The fabrication method according to claim. 36, 
wherein the GaN-based layer is a P-type GaN layer. 

15 

38. The fabrication method according to claim 36, 
wherein the first metal layer is of one selected from the 
group consisting of Pd, Ir, Zn and Ni . 

20 39. The fabrication method according to claim 36, 

wherein the first metal layer is of a material having a high 
affinity with hydrogen. 

40. The fabrication method according to claim 36, 
25 wherein the first metal layer is of a material having a low 

reactivity with the GaN-based layer. 

41. The fabrication method according to claim 36, 
wherein in the step of performing the thermal annealing for 

30 the resultant material, the first metal layer absorbs 
hydrogen from the GaN-based layer for reaction, and an upper 
portion of the GaN-based layer is of a high concentration 
GaN-based layer. 

35 42. The fabrication method according to claim 36, 

wherein the metal dot shaped conductive arrangement material 
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functions as a conductive bridge. 

43. The fabrication method according to claim 36, 
wherein the second metal layer is of Au or Pt . 

5 

44. The fabrication method according to claim 36, 
wherein the third metal layer is of one selected from the 
group consisting of ZnO, IrO, Ir, Ni, Pd and V. 

10 45. A light device fabrication method comprising the 

steps of: 

removing a native oxide layer of a GaN-based compound 
semiconductor ; 

depositing a contact layer using a metal having an 
15 excellent reactivity with hydrogen; 

forming a bonding pad layer using a metal having a low 
reactivity with oxygen and forming a stable compound with the 
contact layer; and 

performing a thermal annealing. 

20 

46. The fabrication method according to claim 45, 
wherein the native oxide layer removing step is performed by 
BOE (Buffered Oxide Etch) . 

25 47. The fabrication method according to claim 45, 

wherein, the native oxide layer removing step is performed by 
an etchant containing F, CI, S and OH. 

48. The fabrication method according to claim 45, 
30 wherein the bonding pad layer is a single layer or a multi- 
layer structure of two or more layers, and is of Gold (Au) , 
palladium (Pd) , ruthenium (Ru) , nickel (Ni) , tungsten (W) , 
cobalt (Co) , molybdenum (Mo) , copper (Cu) . 

35 49. The fabrication method according to claim 45, 

wherein the boding pad layer is a single layer or a multi- 
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layer structure of two or more layers, and is of one selected 
from the group consisting of M-0 ( X M' oxygen compound) , M-Si 
( y M' silicon compound), M-N ( y M' nitrogen compound), and M-C 
( y M* carbon compound) , when assuming that one element of 
Gold(Au), palladium (Pd) , ruthenium (Ru) , nickel (Ni) , 
tungsten (W) , cobalt (Co), molybdenum (Mo), copper (Cu) is 

50. The fabrication method according to claim 45, 
wherein the contact layer is a single layer or a multi-layer 
structure of two or more layers, and is of one selected from 
the group consisting of platinum (Pt) , titanium (Ti), 
palladium (Pd) , nickel (Ni), tantalum (Ta) , tungsten (W) , 
aluminum (Al) , chrome (Cr) , vanadium (V), iridium (Ir), 
hafnium (Hf ) , and cobalt (Co) . 

51. The fabrication method according to claim 45, 
wherein by the contact layer depositing step, a high 
concentration GaN-based layer and a metal-hydrogen compound 
layer are formed. 

52. The fabrication method according to claim 45, 
wherein by the thermal annealing performing step, a diffusion 
barrier layer caused by a compound of two metals is formed at 
an interface of the contact layer and the bonding pad layer. 

53. The fabrication method according to claim 45, 
wherein by the thermal annealing performing step, a high 
concentration GaN-based layer and a metal-hydrogen compound 
layer both of which are generated through the contact layer 
depositing step are formed more deeply. 
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Abstract 

The present invention discloses a light device and a 
fabrication method thereof. An object of the present 
invention is to provide the light device and the fabrication 
method thereof an electric/thermal/structural stability is 
obtained, and a P-type electrode and an N-type electrode can 
be simultaneously formed. In order to achieve the above 
object, the inventive light device includes: a GaN-based 
layer; a high concentration GaN-based layer formed on the 
GaN-based layer; a first metal-Ga compound layer formed on 
the high concentration GaN-based layer; a first metal layer 
formed on the first metal-Ga compound layer; a third metal-Al 
compound layer formed on the first metal layer; and a 
conductive oxidation preventive layer formed on the third 
metal-Al compound layer. 
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Fig. 6 
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Fig. 14 
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Fig. 21 
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